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The programs conducted t o  d a t e  by TCM have provided use fu l  infor-  
mation on a i r c r a f t  engine emissions c h a r a c t e r i s t i c s  and on the  p o t e n t i a l  
f o r  reduct ions obta inable  by leaning of cur ren t  f u e l  systems. /The work 
completed t o  da t e  allows us t o  draw important conclusions a t  t h i s  t i m e ,  
t he  most s i g n i f i c a n t  being t h a t  none of t h e  engines t e s t ed  i n  t h e  pro- 
gram, which covers a s i g n i f i c a n t  group of our bas i c  engine types,could 
meet Pa r t  87 of EPA regula t ions  on a production b a s i s  and within s a f e t y  
of f l i g h t  l i m i t s .  A s  s t a t e d  i n  an earlier TCM presenta t ion ,  some re- 
duct ions are poss ib l e  but  they are small compared t o  base l ine  emissions 
of cur ren t  engines. 
I n  considering our present  knowledge of exhaust emissions a t  TCM 
and t h e  work t h a t  l i e s  ahead of u s  t o  achieve t h e  s u b s t a n t i a l  emission 
reduct ions needed t o  meet P a r t  87, we have planned a company program 
which has a main d r i v e  t o  develop those emission reduct ion concepts t h a t  
have t h e  promise of earliest success.  These programs w i l l ,  i n  general ,  
attempt t o  enhance e x i s t i n g  engine systems, exp lo i t i ng  t h e i r  p o t e n t i a l  
f o r  emission reduct ion as f a r  as i s  compatible with r e t a in ing  the  w e l l  
es tab l i shed  f e a t u r e s  i n  them t h a t  are w e l l  understood and i n  cur ren t  
production. This approach w i l l  minimize development t i m e s  and r e t a i n  
much of ex i s t ing  know-how t h a t  i s  always v i t a l  i n  ensuring technica l  
performance i n  production engines. 
This program of d i r e c t  development of emission reduction requi res  
complementing by an  add i t iona l  very s u b s t a n t i a l  e f f o r t  t o  provide a wide 
spectrum of information t o  f u l l y  circumscribe t h e  problems of u l t imate ly  
producing a i r c r a f t  engines t h a t  meet Pa r t  87 .  
The intended programs i d e n t i f i e d  t o  da t e  i n  t h e  area of new concepts 
are 
(1) Upgrading t h e  TCM f u e l  system. Temperature and a l t i t u d e  com- 
pensation c a p a b i l i t y  w i l l  be developed f o r  t h e  system. 
bene f i t  of b e t t e r  fue l - a i r  r a t i o  con t ro l  over a temperature range would 
be, f o r  ins tance ,  i n  reducing i d l e / t a x i  mode fue l - a i r  r a t i o  which pre- 
s e n t l y  i s  set f o r  operat ion a t  the  co ldes t  day and i s  r i c h e r  than 
necessary f o r  engine operat ion a t  higher temperatures.  




(2) Evaluation of acce le ra to r  pump. W e  have seen t h a t  a l i m i t a -  
t i o n  i n  leaning t h e  i d l e  and t a x i  modes i s  t h e  i n a b i l i t y  t o  accelerate 
from those condi t ions.  
a t i o n  pumps may have t h e  p o t e n t i a l  t o  provide s a f e  operat ion i n  t h e  
t r a n s i e n t  condi t ion between s teady-s ta te  leaned condi t ions.  
Temporary augmentation of f u e l  flow by acceler- 
(3) Reduced cooling requirement. Cylinder head overheating a l s o  
These are means 
imposes l i m i t a t i o n s  on leaning. W e  are the re fo re  inves t iga t ing  the  
p o t e n t i a l  f o r  improved cooling using two approaches. 
f o r  reducing thermal loading of t h e  cy l inder  assembly and secondly i m -  
proved hea t  d i s s ipa t ion .  
s t u d i e s  show promise. 
Hardware evaluat ion w i l l  fol low i f  present  
( 4 )  Variable spark timing. The lean  m i s f i r e  l i m i t s  can be ex- 
tended by varying the  i g n i t i o n  timing. 
imposed a l i m i t a t i o n  on leaning,  w e  be l i eve  i t  is  poss ib le  t h a t  t h i s  
l i m i t  w i l l  be m e t  as we attempt f u r t h e r  leaning. 
t r o l l e d  va r i ab le  spark timing could be bene f i c i a l ,  probably i n  t r a n s i e n t  
condi t ions.  No such s y s t e m s  are present ly  a v a i l a b l e  f o r  a i r c r a f t ,  and 
a considerable  development program would be involved i n  a t t a i n i n g  pro- 
duct ion s t a t u s  of t h i s  idea.  
Although mis f i r ing  has  not ye t  
An automatical ly  con- 
The following programs are intended t o  provide t h e  information w e  
be l ieve  i s  needed f o r  a f u l l  d e f i n i t i o n  of t h e  emission reduct ion t a sk  
i n  TCM engines. 
(1) Survey of base l ine  emissions of TCM engine range. The base l ine  
must be determined; case 1 and case 2 emission l e v e l s  f o r  t h e  bas ic  en- 
gine models have not  been t e s t e d  t o  da te .  
(2) Determine e f f e c t  of production to le rances .  W e  have seen i n  t h e  
d i f fe rence  between base l ine  and case 1 emissions t h a t  t h e  effect of f u e l  
flow to le rance  i s  very s i g n i f i c a n t .  
are s i g n i f i c a n t  a l s o ,  one p o s s i b i l i t y  being varying hydrocarbon emis- 
s ions  having as a source the  lub r i ca t ing  o i l  which passes i n t o  t h e  com- 
bust ion chamber. The cons is ten t  con t ro l  of l ub r i ca t ing  o i l  i n  t h e  f i r s t  
few hours of engine l i f e  i s  notor iously d i f f i c u l t  e spec ia l ly  i n  a i r  
cooled engines. An inves t iga t ion  of t h e  e f f e c t  and understanding of t o l -  
erances i s  c l e a r l y  v i t a l .  
It i s  probable t h a t  o ther  e f f e c t s  
(3) Effec t s  of cumulative opera t iona l  t i m e .  Several  areas of de- 
t e r i o r a t i o n  may be expected t o  a f f e c t  emissions as an engine wears o r  
l o s e s  i n i t i a l  c a l i b r a t i o n .  Fuel c a l i b r a t i o n ,  p i s ton  sea l ing ,  and lub- 
r i c a t i n g  o i l  consumption are obvious p o s s i b i l i t i e s  t h a t  could a f f e c t  
emission c h a r a c t e r i s t i c s .  
( 4 )  Fl igh t  t e s t i n g .  The f l i g h t  t e s t i n g  conducted t o  d a t e  has been 
e f f e c t i v e  i n  demonstrating opera t iona l  l i m i t s  on leaning. 
ing  i n  cooperation with air f rame manufacturers is needed t o  provide in-  
Further test- 
277 
formation on t h e  performance p e n a l t i e s  incurred by improved cooling. 
Also, f u r t h e r  da t a  are required t o  enable us  t o  p ro jec t  un ins t a l l ed  
engine r e s u l t s  f o r  t h e  a c t u a l  a i r c r a f t  i n s t a l l a t i o n .  F l i g h t  service 
t e s t i n g  w i l l  a l s o  be required t o  assess t h e  e f f e c t  on eqgine TBO and 
r e l i a b i l i t y .  
(5) Ef fec t  of i n l e t  manifold tuning. Aircraft engines extensively 
u t i l i z e  tuning of i n l e t  manifolds t o  improve volumetric e f f ic iency .  
This arrangement can, however, produce inconsistency of fue l - a i r  r a t i o  
between cy l inders  during low speed operation. 
ing for its impact on emissions. 
This e f f e c t  needs study- 
( 6 )  F a c i l i t i e s .  W e  in tend t o  upgrade our emission test f a c i l i t y  
by t h e  addi t ion  of equipment t o  cont ro l  t h e  temperature and humidity of 
engine induct ion a i r .  This con t ro l  w i l l  improve r e p e a t a b i l i t y  of e m i s -  
s ion  determinations and al low us t o  study e f f e c t s  of temperature and 
humidity. 
We have shown t h a t  s m a l l  improvements i n  emissions i n  two TCM en- 
gine types are poss ib le  by leaning i n  two modes. Those two engines 
cover only a f r a c t i o n  of our t o t a l  production, and f u r t h e r  work would 
be involved t o  production release even these gains.  Development of 
production hardware, s e rv i ce  tests, and engine and airframe c e r t i f i -  
ca t ion  work would be necessary. 
We be l i eve  t h a t  implementing these small improvements would be a 
The e f f o r t  could be b e t t e r  expended i n  the  pro- Pyrrhic  achievement. 
grams mentioned previously,which have t h e  promise of more worthwhile 
gains.  
It is abundantly c l e a r  t h a t  s eve ra l  years  of work and l a r g e  ex- 
pendi tures  are required before  t h e  emission levels prescr ibed i n  
P a r t  87 can be achieved. Although it  is not poss ib l e  t o  p lan  the  de- 
t a i l e d  program required t o  achieve regulated emission levels, w e  have 
attempted a conservat ive estimate of t he  cos t  impact of doing s o .  
If we apply present ly  known technology and p ro jec t  progress t y p i c a l  
of our indus t ry ,  w e  would a n t i c i p a t e  a cos t  increase  per  engine of 1 5 t o  
20 percent based on amort izat ion of engineering development, production 
f a c i l i t i e s ,  and t h e  u n i t  c o s t  increase .  This increase  arises only from 
engine changes. It can reasonably be expected t h a t  engineering develop- 
ment and c e r t i f i c a t i o n  c o s t s  a r i s i n g  from a i r f rame changes t o  accommodate 
the emission conforming engine w i l l  be  similar t o  t h e  increase  i n  engine 
pr ice .  
20 percent  of t h e  s e l l i n g  p r i c e ,  t he  inerease  i n  cos t  of t h e  a i r p l a n e  
w i l l  be approximately 6 t o  8 percent.  
Since the  cos t  of engine(s) i n  an a i r c r a f t  is  approximately 
Af te r  t h e  t i m e  t h a t  engine development t o  EPA requirements would be 
achieved, w e  estimate t h a t  an add i t iona l  3 years  would be needed t o  re- 
i d e n t i f y  a l l  engine models i n  t h e i r  emission reduced vers ions.  
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T e s t  f a c i l i t i e s  would r e q u i r e  extending t o  achieve t h i s ,  and w e  
estimate t h a t  one-time expenditures of $800,000 would need t o  be made. 
These f a c i l i t i e s  would be surp lus  t o  our needs a t  the  completion of 
work. 
This discussion of c o s t s  i s  based on TCM pro jec t ions .  
Sales of p i s ton  powered general  a v i a t i o n  a i r c r a f t  is  soon expected 
t o  be 1 b i l l i o n  d o l l a r s ;  thus,  w e  are fac ing  an annual expenditure of 
60 t o  80 mi l l i on  d o l l a r s  t o  m e e t  prescr ibed emission levels. It is  a 
l a r g e  sum f o r  our indus t ry  and w e  s e r ious ly  q t i o n  t h e  cos t  bene f i t  
t o  t h e  community. W e  recognize t h a t  w e  have an ob l iga t ion  t o  the  
country t o  act responsibly toward upgrading and preserving the  q u a l i t y  
of l i f e  i n  a l l  t h a t  t h i s  i m p l i e s .  
b e t t e r  be served by expenditure of our t echn ica l  e f f o r t  i n  t he  d i r e c t i o n  
of improving t h e  f u e l  economy and r e l i a b i l i t y  of a i r c r a f t .  
But w e  be l i eve  t h a t  t h i s  end would 
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DISCUSSION 
Q - C. Rembleske: You mentioned something t o  t h e  e f f e c t  that i t  would 
Is t h a t  a l l  60 models o r  30 models? 
take  approximately 3 years  t o  r e c e r t i f y  t h e  engines you now have i n  
production. 
A - L. Waters: It 's 30 OEM models. 
Q - C. Rembleske: One of t h e  problems t h a t  concerns us  i n  t h e  a i r f rame 
indus t ry  i s  t h e  f a c t  that you today s t i l l  bui ld  engines f o r  a i r c r a f t  
which have long been out  of production. The way we i n t e r p r e t  t h e  
r u l e s  today, and I f e e l  they ' re  r a the r  clear, i s  t h a t  a l l  newly 
manufactured engines are going t o  have t o  meet these  spec i f i ca t ions .  
How are w e  going t o  handle the  engines f o r  t h e  a i r c r a f t  which are 
no longer being produced but  which are covered by t h e  ru l e s?  
are a s i g n i f i c a n t  number of engines models, as you s a i d  30 of your 
own, which f a l l  i n t o  t h i s  c l a s s i f i c a t i o n .  That means the re  are 
probably double t h a t  number of a i rp l anes  i n  the  f i e l d ,  models of 
a i rp l anes ,  t h a t  w i l l  have t o  be considered. We do not  expect these  
people t o  junk these  a i rp l anes ,  and I'm s u r e  t h a t  w i l l  not  be  done. 
models. Moreover, t h e  technology we would develop during the work 
t o  be done f o r  our OEM models wouldn't apply EO t he  o lder  ones. 
Many of t h e  o lde r  engines are q u i t e  d i f f e r e n t .  It would be a messy 
problem. 
the  o lde r  engines made f o r  a i rp l anes  no longer i n  production. This 
obviously would be a massive, unrewarding task.  
There 
A - L. Waters: That is  a very important point .  There are another 30 
I would hope t h a t  t he re  would be r e l i e f  from c e r t i f y i n g  
COMMENT - C. Rembleske: That w a s  t h e  purpose of my bringing i t  out. 
It needs t o  be concerned when t h e  EPA and FAA consider t h i s  matter. 
Also, we need t o  se r ious ly  th ink  about what we are going t o  do about 
those a i r c r a f t  which are st i l l  f l y i n g  and must be re-engined per iodi-  
c a l l y  with new engines. 
Q - G. Kit t redge:  I don't t h ink  I ' m  i n  a pos i t i on  t o  g ive  you a 
r e a l l y  s a t i s y i n g  response t o  t h i s  point.  Certainly,  as t h e  r u l e s  
are l a i d  out  now, newly produced engines f o r  i n s t a l l a t i o n  i n  any 
. s o r t  of a i r c r a f t  would be required t o  comply. 
ta lked about t h i s  problem within the  government, we have not re- 
solved i t  ye t .  1 th ink  t h a t  what we need t o  d i g  i n t o  is  t h e  reason 
why is  it  not  poss ib l e  t o  i n s t a l l  an emission con t ro l  equipped en- 
g ine  i n  such o lde r  a i r c r a f t .  It would be q u i t e  u se fu l  t o  the  EPA 
i f  TCM could break t h e  15 t o  20 percent estimated c o s t  increase  
i n t o  t h e  var ious  components that went i n t o  i t  - that is, t h e  spe- 
c i f i c  new emission con t ro l  system devices,  whatever they are, t h e  
projected market f o r  t h e  engines, etc. 
c e r t a i n l y  can t e l l  you t h e  elements that we took i n t o  account and 
I can t e l l  you why I use t h e  word conservative.  
w e  had used i n  t h i s  s tudy are t h e  engineering development cos t ,  
people, materials, and f a c i l i t i e s  covering t h e  programs I have men- 
tioned. Bernie Rezy s a i d  we may have t o  go t o  a more sophis t ica ted  
Although we have 
A - L. Waters: 1 can ' t  break t h e  numbers down i n  t h a t  d e t a i l ,  but I 
The elements that 
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Q -  
A -  
A -  
timed in j ec t ed  f u e l  system. Our own f u e l  system is  not  timed. So 
we are covering t h e  programs I have mentioned p lus  <he p o s s i b i l i t y  
of an  element of a new timed FIE system and t h e  development of 
new cooling cy l inder  heads. 
engines. 
and these  cel ls  w i l l  have t o  be more f u l l y  equipped f o r  emission 
regulat ion.  On t h e  u n i t  c o s t  s ide ,  t h e  cos t  of t h e  new f u e l  in jec-  
t i o n  system, t h e  cos t  of t h e  improved new cyl inder  heads, and t h e  
extra "break i n  time" of t h e  engines w e r e  included. 
run engines f o r  about 3 t o  3 1 / 2  hours. 
10 hours o r  even more f o r  t h e  l u b r i c a t i n g  o P 1  consumption t o  f a l l  
fu r the r .  
engines, w e  have run a t  least 1 0  hours t o  s t a b i l i z e  the  l u b r i c a t i n g  
o i l  consumption because of i t s  e f f e c t  on hydrocarbons. I f  t he  con- 
t r o l  of hydrocarbons s t a y s  i n  t h e  EPA standard,  t h e r e ' s  l i t t l e  doubt 
t h a t  t he  engines w i l l  have t o  be run longer during t h e  break-in 
period. The conservatism is  t h a t  w e  d id  not  include i n f l a t i o n  over 
these  years  f o r  t h e  c o s t  of the engineering o r  materials, and, sec- 
ondly, w e  d id  not  include any unknowns. Inevi tab ly  o the r  programs 
w i l l  arise t h a t  we w i l l  have t o  look in to .  We d id  not  include any 
of these  i n  our estimate. 
Remember we have six d i f f e r e n t  bas i c  
I n  production f a c i l i t i e s  more test ce l l s  w i l l  be needed 
Present ly ,  w e  
It's common over t h e  next  
For a l l  the  emission t e s t i n g  t h a t  w e  have done on our 
C. Rembleske: I th ink  one of t h e  b ig  th ings  w e  have t o  recognize 
i s  that even though t h e  engine manufacturer comes up wi th  an  engine 
t h a t  might m e e t  c e r t a i n  emission requirements, that is  by far a 
long way from g e t t i n g  t h e  FAA t o  approve t h a t  i n s t a l l a t i o n  i n  a spe- 
c i f i c  a i rp lane .  They may have a pe r fec t ly  good and s u i t a b l e  engine. 
However, t o  demonstrate t h e  c a p a b i l i t y  of meeting the r i g h t  f e d e r a l  
r egu la t ions  wi th  t h a t  engine i n s t a l l e d  i n  an a i r c r a f t  is going t o  
mean going out  i n t o  t h e  f i e l d ,  g e t t i n g  one of t hese  o ld  a i rp l anes ,  
some of which may be 15 yea r s  o ld ,  and t ry ing  t o  g e t  t h a t  a i r p l a n e  
r e c e r t i f i e d .  
way? 
N. Krull:  
r a t h e r  than f l i g h t  standards.  
ind iv idua l  c e r t i f i c a t i o n .  
t h a t  are going t o  come up with these  emission s tandards and t h e  
problems i n  c e r t i f y i n g  not  only new engines but  overhauled engines 
as w e l l  as engines with var ious  modifications.  We w i l l  be contin- 
uing t o  work with the  EPA on developing these  requirements t o  a 
poin t  where they can be appl ied within t h e  Industry.  
w a s  a discuss ion  concerning t h e  time l a p s e  f o r  c e r t i f i c a t i o n .  I n  
our r o l e  of promoting av ia t ion ,  w e  w i l l  c e r t a i n l y  be working t o  
minimize t h e  requirements i n  terms of c e r t i f i c a t i o n  of add i t iona l  
engine models and t o  c u t  t h a t  t i m e  span as much as w e  poss ib ly  can 
wi th in  t h e  l i m i t a t i o n s  of sa fe ty .  
Standards l i k e  t o  comment on t h e  r e c e r t i f i c a t i o n  of o ld  a i r c r a f t ?  
6. Pr ice:  
o r  any s u b s t a n t i a l  change a t  a l l ,  i t  would r equ i r e  a r e c e r t i f i c a t i o n  
of t h e  a i r c r a f t  as w e l l  as t h e  engine. 
Could t h e  FAA comment on whether they have another 
We happen t o  be i n  t h e  o f f i c e  of pol icy  development 
They're much more involved with t h e  
We're very much aware of t h e  problems 
Earlier the re  
Would somebody from F l i g h t  
A s  t h e , r u l e s  present ly  requi re ,  i f  t h e r e  i s  a model change, 
The cur ren t  r u l e s  are P a r t  33 
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f o r  t h e  engine and probably Pa r t  23 f o r  t h e  a i r c r a f t .  
change t h e  f u e l  schedule you change power, and you change cooling 
requirements - a l l  of t h i s  has t o  be r e c e r t i f i e d  on t h e  a i r c r a f t .  
The r id i cu lous  example I used f o r  an i l l u s t r a t i o n  w a s  an A-65 engine 
and a 5-3 Cub. 
5-3 Cub under t h e  present  s i t ua t ion .  
When you 
It is conceivable that w e  would have t o  r e c e r t i f y  a 
COMMENT - L. Waters: I would l i k e  t o  make one point .  There seems t o  be 
no doubt t o  u s  a t  TCM t h a t  our f i n a l  developed engine, our f i n a l  emission 
new old  model engine, w i l l  most c e r t a i n l y  need f u l l  r e c e r t i f i c a t i o n .  The 
design changes w i l l  be profound. 
COMMENT - L. Helms: I can ' t  help but pick up t h e  example he used and 
pose t h e  quest ion t o  t h e  group - who do w e  expect t o  pick up t h e  c o s t s  
of engineering t o  r e c e r t i f y  t h e  5-3 Cub? The 5-3 Cub, inc iden ta l ly ,  
has been ou t  of production f o r  about 25 years.  
Q - C. Pr ice :  An A-65 engine could conceivably come off  i n  1980 from 
h i s  remanufactured o r  r e b u i l t  engine line. 
do something with t h a t  engine? 
A - L. Waters: Under present  r u l e s ,  t h a t ' s  r i g h t .  
And w e  would now have t o  
COMMENT - L. Helms: 
nated t h e  STC, t h e r e  would have t o  be engineering t o  i n s t a l l  t h a t  en- 
gine. And who wants t o  do engineering on an a i r p l a n e  t h a t ' s  25 years  
old? 
Even i f  t h e r e  were changes and even i f  FAA elimi- 
COMMENT - D. Page: 
product. 
$5000 a i rp lane .  
have a $30,000 a i rp l ane .  
museum, o r  pay t h e  money. 
The owner pays f o r  everything t h a t  does i n t o  any 
I f  he has a 3-3 Cub, i t  is  on the  market new as a $4000 t o  
I f  he had t o  pay a $25,000 c e r t i f i c a t i o n  f o r  i t ,  he'd 
He  could put i t  i n  t h e  barn, g ive  i t  t o  a 
COMMENT - C. Pr ice :  Under t h e  current r u l e ,  a Supplemental Type Certi- 
f i c a t i o n  (STC) would have t o  be issued t o  any model engine change and t o  
the  a i r c r a f t  change f o r  each ind iv idua l  a i r c r a f t  t h a t  comes under t h i s  
s o r t  of thing.  Now, of course,  you could g e t  blanket  STC's, which could 
cover a number of a i r c r a f t  under a s p e c i f i c  model change. 
modifying a i r c r a f t  engines constant ly .  They have a pe r fec t  r i g h t ,  under 
the  ru l e s ,  t o  do so provided they s t a y  within t h e  f l i g h t  standard ru les .  
People are 
COMMENT - L. Waters: Quite  c l e a r l y ,  t he  work involved i n  reducing emis- 
s ion  f o r  t h e  30 engines i n  our case that belong t o  t h e  a f t e r  market and 
the  re-engineering of these  engines i n t o  t h e  a i r p l a n e  r e c e r t i f i c a t i o n  is 
an astronomical task.  Hopefully, t h i s  w i l l  be  removed. 
Q - H. Nay: Les ,  a po in t  of c l a r i f i c a t i o n  on your c o s t  estimates. You 
r e f e r  t o  them as conservative.  Does t h a t  mean these  are upper l i m i t s  
o r  not? 
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A - L. Waters: There are lower limits. The  element of conservatism w a s  
t h a t  w e  d id  not  put  i n  i n f l a t i o n  f o r  t h e  years  of esca la t ion .  
used 1976 d o l l a r s  and we d id  not  inc lude  any new programs wi th  unknown 
problems that w e  might run  in to .  
W e  
The f i g u r e s  are low. 
COMMENT - L. He lms :  I might comment on that because i t  might help t h e  
o the r  people i n  t h e  audience. 
Lycoming to select, on t h e i r  own, two d i f f e r e n t  approaches and come up 
with t h e i r  own ideas .  Obviously, i n  t h e  GAMA technlcal pol icy  comdttee, 
w e  considered t h i s  f o r  some t i m e .  The indus t ry  people sa id ,  "Well, w e  
don't know how t o  do tha t .  It's not  defined. W e  don't know what t h e  
requirements are going t o  be." 
w e  can't do it, c e r t a i n l y  w e  can't expect t h e  government t o  do it. So 
now that you've heard L e s  o u t l f n e  what Teledyne d id ,  you might be i n t e r -  
es ted  i n  knowing t h e  Lycoming s ide .  Lycoming made t h e i r  estimates and 
came up with a cos t  of approximately $1000 per  engine. 
as low as $700 t o  $800 and o t h e r s  w e r e  as high as $1400 o r  $1500, they 
averaged i t  out  a t  $1000 an engine. After  you take t h a t  $1000 an  engine 
t o  t h e  a i r f rame manufacturer, we then g e t  i n t o  o the r  thlngs.  
i n  Pr ic ing  A c t  r equ i r e s  u s  t o  p r i c e  c e r t a i n  th ings  which can be explain- 
a b l e  t o  t h e  Treasury Department. The Treasury Department r equ i r e s  u s  t o  
break t h i s  down f o r  tax purposes, and we have t o  segragate  t h e  c o s t s  f o r  
tax purposes on every p a r t  when i t  comes l n ,  so t h a t  w e  can m e e t  t h e  SEC 
regula t ions  i n  t r u t h  and disclosure.  We take  that $1000 and w e  must 
a l l o c a t e  some t o  t h a t ,  a por t ion  of w h a t  we ca l l  material handling o r  
material burden. It could be as low as 6 percent  o r  as high as 1 2  per- 
cent.  Each of t h e  a i r c r a f t  manufacturers must then i n s t a l l  t h e  engine, 
they must bu i ld  i t  up, and/or put accessor ies  on it. 
t h e i r  own b a f f l e s  on i t  and t h a t  adds labor.  Then t o  m e e t  t h e  SEC re- 
quirement of complete d isc losure ,  you have t o  a l l o c a t e  t h e  f ac to ry  bur- 
den t o  i t ;  t h e  burden of t h e  ind iv idua l  p l a n t  can be anywhere from 80 
t o  200 percent t o  t h a t  $1000. 
of t h e  accounting profession of our respec t ive  aud i to r s ,  we have t o  add 
G&A. What I ' m  saying i s  t h a t  t h e  $1000 engine becomes somewhere around 
a $2000 engine when i t  goes ou t  of t h e  a i r f rame manufacturer's p l an t  
and t o  t h e  consumer. It could be as low as $1500 o r  could be as high 
as $3000. 
more than 15,000 a i rp lanes .  Next year we're forecas t ing  a n  increase, of 
which approximately one-third would be twin engine a i rp l anes .  
t ake  5000 of those,  we've added 5000 more engines and we're up t o  20 000 
engines. 
o r  24 000. 
or  spares .  
t h a t  go out .  
by t h e  added cos t ,  you come up t o  about $50 mil l ion  o r  $60 mi l l ion .  So 
he went on t h e  b a s i s  of 20 percent.  
6 t o  8 percent  af t h e  f i n a l  sales p r i c e  and came up with about 60 t o  80 
mil l ion .  
it any c lose r  than t h a t ,  but i t  does tend t o  g ive  you an  idea  of t h e  ap- 
proach w e  took t o  g e t  our arms around t h e  subjec t  some way. 
ing a t  somewhere between $50 and $100 mf l l ion  a year of added cos ts .  
What we d id  w a s  t o  a sk  Continental  and 
But w e  d id  p re s s  on, on t h e  b a s i s  of i f  
Since some were 
The Truth 
They must put  
Then t o  m e e t  t h e  f u r t h e r  requirements 
L e t ' s  say it 's a $2000 engine. This year w e ' l l  b u i l t  a l i t t l e  
I f  w e  
I f  w e  export  3000 t o  4000 engines a year ,  w e ' r e  up t o  23 000 
Now we've got  2000 t o  3000 o r  4000 of a f t e r  market engines 
I ' m  going t o  round t h i s  off  t o  about 25 000 engines a year  
I f  you take  t h a t  25 000 engines a year and mult iply them 
We looked a t  i t  and s a i d  i t  is about 
Lycoming came up with about $50 o r  $60 mi l l ion .  W e  can ' t  make 
We're look- 
